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PROCESS FOR THE PREPARATION OF CEPHRADINE 

The .present invention relates to a process for the preparation of cephradine 
wh.ch comprises reacting 7-aminodesacetoxy cephalosporanic acid (7-ADCA) with D- 
dihydrophenylglycine in activated form (DHa) in the presence of an enzyme, and 
cephradine obtainable by the process according to the invention. 

WO-A-97/04086 discloses the enzymatic production of p-lactam antibiotics by 
reaction of a parent p-lactam with a side chain in activated form, including the 
preparation of cephradine by reaction of 7-aminodesacetoxy cephalosporanic acid (7- 
ADCA) with D-dihydrophenylglycine in activated form (DHa). This publication describes 
that besides the synthesis reaction, i.e. the reaction of the activated side chain with the 
parent p-lactam, also side chain acids are formed by hydrolysis of the activated side 
chain and the desired product. The side chain acid formed in case of the enzymatic 
production of cephradine is D-dihydrophenylglycine (DH). WO 97/04086 discloses inter 
aha the enzymatic synthesis of cephradine in the presence of wild-type acylase of E. 
coli, and shows that when penicillin acylase was immobilised on a specific carrier, an 
increased synthesis/hydrolysis (S/H) ratio was obtained. 

In the process of WO 97/04086 conversions of 7-ADCA and 
dihydrophenylglycine methyl ester into cephradine of up to 68% had been achieved. 

It was found that when looking for methods for the enzymatic synthesis of 
cephradine resulting in increased conversions, significant processibility problems are 
encountered. In particular, it was found that the reaction mixture may become highly 
viscous when increasing the conversion, and that said increased viscosity can even 
preclude working at higher conversions in a practical manner. 

An object of the present invention is to be able to work at high conversions of 7- 
ADCA and DHa into cephradine. 

This object is achieved according to the invention by providing a process for 
preparing cephradine, said process comprising reacting 7-aminodesacetoxy 
cephalosporanic acid (7-ADCA) with D-dihydrophenylglycine in activated form (DHa) in 
the presence of an enzyme in a reaction mixture to form cephradine, resulting in a 
conversion of 7-ADCA into cephradine of at least 70 %, wherein the concentration D- 
dihydrophenylglycine (DH) in the reaction mixture is below 2 wt.%. 
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Surpnsingly i, was found that the viscous mixture Is the result of crystallisation of 
hydrolysis products is formed during me reaction, I.e. DH. By maintaining the 
concentration DH tow according to the invention, crystallisation of DH can be minimised 
or avoided and increased conversions can be achieved wKhou, procesaibility problems 
A further advantage of the process according to the invention is that recovery of 
cephradine from the reaction mixture can be effected in a S ,mp,e way, resuiting in a 
stable and high quality product. 

As used herein 7-aminodesacetoxy cephalosporanic acid will also be referred to 
as 7-ADCA. 

As used herein D-dihydrophenylglycine in activated form will also be referred to 
as DHa. 

As used herein D-dihydrophenylglycine will also be referred to as DH 
The process according to the invention comprises reacting 7-aminodesacetoxy 
cephalosporanic acid (7-ADCA) with D-dihydrophenylglycine in activated form (DHa) in 
the presence of an enzyme in a reaction mixture to form cephradine, resulting in a 
conversion of 7-ADCA into cephradine of at least 70 %, preferably at least 80 %, more 
preferably at least 90 %. As used herein the conversion of 7-ADCA into cephradine is 
defined as (n CEF / n 7 ^ DCA )*i 00%, wherein 

n CEF = total quantity of cephradine formed (in mole); and 
n 7 ^cA= total quantity of 7-ADCA added to the reaction mixture (in mole) 
The cephradine formed may be present in the reaction mixture in any form, e g 
in d,ssolved form and/or in solid form, e.g. as cephradine hydrate. 

The 7-ADCA may be added to the reaction mixture in any suitable way It is 
possible to add the total quantity of 7-ADCA to the reaction mixture at once. It is also 
poss.b.e to add at least part of the 7-ADCA to the reaction mixture during the course of 
the reaction. 

,0 * e '™>ntion, the concentration of DH in the reaction mixture is 
below 2 wt.%. Preferabiy, the concentration of DH in the reacHon mixture is below 1 5 
wt. A , more preferably below 1 .0 wt.%, more preferably below 0.8 wt.%. Decreased ' 
conce ntraa s of DH in the reaction mixture have the advantage ma. the ,orma«on of a 
vscous mixture due to crystallisation of DH is further reduced or oompietely avoided As 
used here,n, the concen.ra.ion o, DH expressed as wt. % is given relative to the £ 
waght of the reaction mixture, i.e. the total weigh, including the weight of the liquid 
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Phase and the we lgnt of 80||d ^ ^ ^ 

for instance .mmobiiised enzyme and/or ^ ^ ^ ^ 

ADCA vTm C " 0n ( mi>!,Ure ^ ^ SU ' ,able miX,Ure WWoh * e ~*» « 7- 
Pre erably. the reason mixture is an aqueous reaction mixture. The aqueous reaction 

,:sran™7 nte,nano ~^ 

PreflTtK ' l6SS *" 5 V0 ' % ,0 ,he '<*" «*«- - ■» 

Preferably, the organic soivent is en aicoho, with 1-7 carbon atoms, for instance a 
monoaicoho, in pamcuiar methanol or ^ . h ; 

noon partner giycen*. Praferabiy, tne aqueous reacbon mixture contains a 
vo,.% water, more preferably a. teas. 80 vol.%, more praferabiy at leas. 90 ml 
praferabiy a, leas, 95 vo ,. % water ^ „ sum ^ » ^JJ * — 

in the process according to the invention DHa may be an amide, for instance a 

SZLTE? ° r T am ' de ' " a " 6S,er - ^^nyi^a (DhI 
Preferably, DHa rs an ester of DH, for instance a lower alkyl (1-4 C ) ester of DH 

Pre erred is M hydrophen„g,yc,ne methy, ester (OHMe), and most preferred DHMe in 

Z 7 eXamP ' e 3 ,0rm '° ^ ° r HC ' ~ °' DHMS - ~ --r H n c, 

salt of other DH esters may also be used. 

tt ,ro U a h rMr 06n,ra, ' 0n ° H in reaC " 0n ^ te «*•*«• Wow 2 wt % 
mroughou. the reaction preferably below 1.5 wt.%. preferably Mcm , „ % ^ * 

Themota ^'"'°fDHa.o7.ADCA,i.e..he.ota l quam l ,yofDHaaddedto.he 
rcacbon mixture divided by the to*, quan«y of 7-ADCA added to the reacting 

beiow 25. praferabiy between 0.5 and 2.0. and mora praferabiy between 0.7 and 1 5 
The concentrations of 7-ADCA and DH in activated form (DHa) appiiad in the ' 

ADCA added ,o me raaotron mixture and DHa added to the reaction mixture mav be 

r-hveen 10 and 2000 mmoia par iilar of reaction mbctun,, preferably ^ 

1500 mmole per liter of reaction mixture. y Between 50 and 

In a preferred embodiment of the present invention reacting 7-ADCA with DHa 
resume ,n a convex of DHa into cephradine of a, fees, 70%, preLbiy a, Z 00*, 
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^<M* a. teas, 90%. wherein convex of DHa into CEF = (nceF / „ Dltt) . 10 o%, 



n 0E F - total quantity of cephradine formed (in mole); and 
n DH . = total quantity of DHa added to reaction mixture (in mole) 

h. *r T- D . H ! ** reaC "° n mlXh,rS may 116 addeCl in man > wa y 8 ' A" *. DHa may 
be added, rnrtraily. i.e. a, .he start of the reaction, for instance in a batch process. „ is 

ZZ£ to add at least p " t 01 "* DHa ,o ,he reacHon mix,ure durins * 6 «— - 

The concentration DH in the reaction mixture may be maintained below 2 wt % 
throughout the reaction, preferably below 1 .5 wt.%, pnrferably below 1 wt.%. more . ' 

tem P Ira!r OW " ^ ** C ° n " D " in9 PH * °" rea °"° n miX,Ure "*» *• 

form J 1 " "k H r ' emP6ra,Ure apP ' ied ma " vai V •»•«•« wide ranges. The reaction to 
fonn the cephradme may for instance be carried ou, a, a temperature of between -5 and 
35 C, preferably between 0 and 30°C. More preferably, the reaction is carried out at a 
temperature of between 5°C and 25°C. 

The reaction to form the cephradine may for instance be carried out at a P H of 
between 6 and 9. Preferably, the reaction is carried ou, a, a P H of between 6.3 and 8 5 

The pH of the reaction mixture may be adjusted at the desired pH value In 
several ways, for Instance chemically by adding an add, for instance a mineral acid In 
particular sulphunc acid, hydrochloric acid or nitric acid. The pH may also be adjusted a, 
the desired pH value by adding a base, for instance sodium hydroxide or ammonia 

J* DH in me reaction mixture may also be maintained below 2 

wt. A throughout the reaction, preferably below 1.5 wt.%, preferably below 1 wt % more 

a P „? D T 08 W ' % * WMWn9 a ' ~~ «"-*-"» " *° ~ rJZ 

and DHa or by using an enzyme wim improved properties, for instance an improved 
S/H-Wro, whrch may be a wi.d type or mutant enzyme. Maintaining the concentration of 
DH low accordrng to the invention aliowe the conversion ,o be increased. This can then 
for mstance be achieved by applying a residence time that is sufficiently long 

DH ,n acTITr T " ** " **** °* * ~** h ~*» 7 " AD °A with 
DH ,n acrvated fon, to prepare cephradine In the process according to the invention. 

penrcllrn acylase, or penicillin G acylase, also called penicMn G amidase or 
benzylpenicillin acylase (EC 3.5.! .1 1). Penicillin G acylase refers to a group of 
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hydrolases from microorganisms, especialiy bacteria, capable of hydrops, .he 6-aoy, 
group of pe„,c,„ns or the 7-acy, group of cephaiosporins. Penicillin acyil enzymes 
may be Cassi«ed bofb on ,be bas,s of their subset specffloHy and on the baTof Lr 

dto WWCh " ' n Vart ° US "* fc — ■ ~ f °' «— WO 

03/055998 and WO 98/20120. 

exa m o,.TrrT mS ^ *'* Penfei " in aCVlaSe *™ «*» <» ««— are for 
,n partner y^enes /aecate, Ap/ranorfad/um, a«*. sp ., in particular ^ 
megafemrm, Cepha/osporfum, Esctofcn/a, in particular Hacnerton/a col, 

21TT"' ? sar "' m - in part,cular Fusarium oxysporum and «** 

Wuyvera, Mycoplsna, Protam/nobacter, Pmtaus , in particular 
Paeudomonas and Xanfhomonaa, in particular Xanfnomonaa cltril 

in one embodiment of the invention the enzyme may be immobilised on a carrier 

JZ . ** m " read " y "~ a "« ™- -".mobilised 
enzymes are known aa such and are commercially available, for example an E cC, 

^eTTwrT M d6Cribed ln W ° 92,12782 ^ lmm0billsed - *«*«■ ^ 
EP 222 462 and in WO97/04086. 

The process for preparing cephradlne according to the invention may be carried 
out a, any su,tab,e pH and temperature, for instance depending on the enzyme uaeT 
For .nstance, ,he process comprising reacting 7^DCA with DHa to form cephradine ' 

Z isTT ^ Pre8SnCe °' 3 ^ PeniC "" n «*»• - * « <*~re 
beiow 15-C. Preferably, the process comprising reacflng 7-ADCA with DHa to form 

cephradine in the presence of a wild type penicillin aoylase is carried out at a 
temperature below 15-C and at a pH of at leaat 7.0. 

th» .■.hT" 03 "' f ° Und * at SnZymeS ^ aP increased S/H w«h ^pec, to 
he ^pe acylase of E coft increased conveys a„ achieved if the read is 

30 C and relatively low pH, e.g. below 7.7, preferably between 6 and 7 5 Therefore me 
invention also relates „ . ^ * the 

"* * e Pre86nCe ° f a " ~ "*« a " having a 
higher «, ratio preferab,y a hfcher S/H w man the «d-type aoylase of E.co// and a. a 

ADCA with DHa to form cephradine in the presence of an enzyme being an acylase 
having a h,gher S/H ratio than the wild-type acyiase of B.cO is carried out a, a 
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temperature of a. leaat 15 preferably between 15 and 30°C and at a pH of below 7 7 
preferably between 6 and 7.5. ' ' 

This is surprising as in the case of the enzyme having a relatively low S/H ratio 
the h.ghest conversions were found to be achieved at relatively !ow temperature and ' 
relatively high pH. The above effect is in particular pronounced when the acy.ase having 
an increased S/H ratio has a .ower enzymatic activity than that of the wild-type acylase 
of E. coli. 

The acylase having a higher S/H ratio than the wild-type acylase of E coli may 
be any enzyme. The enzyme may for example be a mutant penicillin acylase. Mutants of 
pen.cllin acylases or acy.ase mutants, can be made by starting from any known 
penicillin acylase. Mutated acyiases are for example derived from wi,d-type acylases via 
recombinant DNA methodo.ogy known in the art, by substituting one amino acid residue 
for a new residue. 

In a preferred embodiment of the present invention the enzyme is a mutant 
pen,c.ll,n acylase having an amino acid substitution at the position 24 of the B-subunit 
corresponding to the R-subunit of penicillin acylase of E.coli. .n a preferred embodiment 
the ^phenylalanine at the position 24 of the A-subunit corresponding to the B-subunit of 
pen.cillin acylase of E.ooli, has been replaced in that position by L-alanine as is 
described in WO 98/20210. This mutation can be applied on a Pen G acylase from E 
col,, but Pen G acylases from other sources may also by used. The numbering of the 
pos rtl on of the amino acids corresponds to the numbering of the amino acid sequence of 
wild type Penicillin G acylase of £ coll. 

As defined herein, the synthesis/hydrolysis (S/H) ratio is understood to be the 
molar ratio of synthesis product to hydrolysis product at a particular moment during the 
enzymatic reaction. Syndesis product is understood to be the p-lactam antibiotic formed 
from the activated side chain and p-lactam nucleus. Hydrolysis product is underetood to 
Be the corresponding acid of the activated side chain. 

The S/H ratio is a function of the concentration of the reactants, the molar ratio 
of abated side chain to B-lactam nucleus, the tempered, the pH and the enzyme. In 
the ,deal srtuahon a comparative experiment is carried out where the particular 
candidate is tested against a reference enzyme, preferably E.co/r PenG acylase, under 
the same conditions. 

During an enzymatic acylation reaction the S/H ratio generally decreases The 
S/H rafo of different penicillin acylases are preferably compared at eoua. conversion. 
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They are most usually compared at 0% conversion (hence, at time t=0), the so-called 
initial S/H ratio (S/H| nl ), which thus is a measure of the S/H ratio. The S/H inI can be 
determined with sufficient accuracy by carrying out the acylation reaction until a 
sufficiently high conversion is reached so that the products, in particular the hydrolysis 
product, can be measured accurately and then constructing a graph of S/H, nl versus 
conversion and extrapolating it to 0% conversion. It might be necessary to determine the 
initial S/H ratio through extrapolation, since too little hydrolysis product is formed at low 
conversion for accurate determination of S/H, nI . Curve fitting algorithms which are known 
in the art may be applied to get a more reliable extrapolation. For accurate determination 
it is necessary to have sufficient data points. Sufficient data points means at least three 
data points, which should represent a difference in conversion of at least 0.5%. 

Enzymatic activity can generally be defined as the molar quantity of reactant or 
product that is converted or synthesised per unit of time and per quantity of dissolved or 
immobilised enzyme at a particular moment during the enzymatic acylation reaction. 
Preferably, enzymes are applied in immobilised form and the enzymatic activity is 
defined per quantity of immobilised enzyme. The enzymatic activity per quantity of 
enzyme often is also indicated as specific activity of the particular enzyme. 

The process according to the invention may be carried out in several ways, for 
instance in batch or continuous culture. Preferably, the process according to the 
invention is carried out in a batch process. A batch culture may be a batch culture, a fed- 
batch culture, a combination of batch and fed-batch mode, repeated fed-batch mode or 
any other combination. 

The cephradine formed by the process according to the invention may be 
crystallised in any suitable manner. 

Cephradine hydrate having an increased stability is preferably obtained 
according to the preferred embodiments described hereinafter. 

Preferably, the process according to the invention comprises crystallising the 
cephradine from an aqueous solution. The aqueous solution may contain an organic 
solvent or a mixture of organic solvents, preferably less than 30 vol%, more preferably 
less than 20 vol.%, more preferably less than 10 vol.%, more preferably less than 5 
vol.% (relative to the total volume of the liquid). Preferably, the organic solvent is an 
alcohol with 1-7 carbon atoms, for instance a monoalcohol, in particular methanol or 
ethanol; a diol, in particular ethylene glycol, or a triol, in particular glycerol. Preferably, 
the aqueous solution contains at least 70 vol.% water, more preferably at least 80 voL%, 
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more preferably a, teas, 90 vo..%, moat preferabiy a. leae, 95 vo..% water (relative te the 
sum volume of the liquid). ="»ive io me 

The aqueous solution may contain 7-ADCA and/or DH. 
The cephradine may be crystallised In any suitable form, typically In the form of 
cephra ine hydrate. The invention is no, iimited to a specie cephradine hydrate 

! T**" hydra ' e fe CePhradine mo ^yd ra ,e. The water content of the 
cephradine hydrate may for Instance range between 3% and 6% per weigh, 

Preferably, cephradine Is crystallised from an aqueous solution wherein ,he ralio 
mc EF /(m I<0CA ♦ mcEP ) > o.7, preferably > 0.8, more preferably > 0.9, and wherein x is 
between 0 and 2 wt%, preferably between 0 and 1 wt%. wherein 
m CBF = molar quantity of cephradine in the aqueous solution: 
nw* - molar quantity of 7-ADCA In the aqueous solution and 

= concentration of DH in the aqueous solution relative te me total weigh, of 
me aqueous sotution. The total weigh, of ,he aqueous solulion includes me weigh, o, ,he 
liquid phase and ,he weigh, of any solid components prasen, in the aqueous solion ,o 
instance cephradine hydrate. » soiunon, tor 

It was found that the preferred aqueous solution can efficiently be obtained by 
the process according ,o the invention resulting in increased conversions and low 
concentrations DH. 

Crystallising cephradine from the preferred aqueous soluBon was found to result 
in an improved quaWy of the crystallised cephradine. 

Therefore, the invention also relates to a process comprising reacting 7- 
aminodesacetoxy cephalosporanic acid (7-ADCA) with D-dihydrophenylglycine in 
aerated form (DHa) in the presence of an enzyme In a reaction mbdure ,o form 
cephradine; and crystallising the cephradine from an aqueous solution. In which 
aqueous solution the ratio nW(m ;JTCA + m CEF ) > 0 . 7 , preferably „ 0 8 more 
PKrferably > 0.9, and wherein x 0 „ is hereon 0 and 2 wt.%, p re ,e ra b,y between 0 and 

and 5 Jr"? ? C ° nCentra,l0n of 7 " ADCA ^ «» aqueous solution is between 0 
and 5 wt.%, preferably between 0 and 2 w,.% of the teta, weigh, of «he aqueous solution 

zzr* ,o resuft in a further improvemem ot ,he qum * »» -i-Jd 

suitable^" 60 " S0,U,i ° n COmPrtS ' n9 ^ ° ePhradlne ^ '« -V 
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Preferably, the process for preparing cephradine according to the invention 
comprises separating the enzyme from the cephradine prior to said crystallising. The 
enzyme may for example be separated from the reaction mixture comprising the 
cephradine, for instance by sieving the reaction mixture over a sieve to separate the 
enzyme from the cephradine. In the reaction mixture part of the cephradine may be 
present in the form of cephradine hydrate, and the process may comprise dissolving the 
cephradine hydrate, and separating the enzyme from the resulting solution. Separating 
the enzyme from an aqueous solution comprising dissolved cephradine may for example 
be performed according to any suitable method, such as filtration or centrifugation. 

In an embodiment of the process according to the invention part of the 
cephradine formed is present in the reaction mixture as cephradine hydrate, and the 
process further comprises dissolving at least part of said cephradine hydrate. 

Cephradine hydrate may be dissolved in any suitable way. Dissolving cephradine 
hydrate may for example be performed at a pH at or above 8, more preferably, at a pH 
of between 8.3 and 9.5, and most preferably at a pH of between 8.5 and 9. In a 
preferred embodiment, dissolving cephradine hydrate is for example performed by 
modifying, in particular by increasing the pH of the reaction mixture to a value at or 
above 8, preferably, at a pH of between 8.3 and 9.5, and most preferably at a pH of 
between 8.5 and 9. The pH of the reaction mixture may be increased at the desired pH 
value by adding a suitable base, for example sodium hydroxide or ammonia. Said 
dissolving may be carried out batch-wise or continuously. It is also possible to separate 
cephradine hydrate from the reaction mixture, and to dissolve the separated cephradine 
hydrate to form the aqueous solution. 

Crystallising cephradine from an aqueous solution comprising cephradine may 
be carried out at any suitable temperature. Surprisingly we found that improved product 
quality is achieved when the crystallisation is effected at increased temperature. The 
cephradine crystallised at these temperatures may have been prepared chemically or 
enzymatically. 

Accordingly, the invention also relates to a process for preparing cephradine 
crystals, characterised in that the process comprises crystallising cephradine from an 
aqueous solution to form cephradine crystals, wherein said crystallising is carried out at 
a temperature of between 45 and 65°C, preferably between 45 and 60°C, preferably 
between 48 and 55»C. Most preferably, the crystallising is performed at a temperature 
between 49 and 52°C. Cephradine prepared in an enzymatic process by reacting 7- 
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ADCA with DHa in the presence of an enzyme in a reaction mixture to form cephradine, 
preferably in a process according to the invention, may advantageously be crystallised ' 
at the temperatures disclosed above. However, the temperatures for crystallisation are 
not limited to crystallisation of cephradine prepared in an enzymatic process, and may 
for instance advantageously be applied for crystallisation of cephradine prepared in a 
chemical process (e.g. in the absence of an enzyme). 

Cephradine prepared in an enzymatic process by reacting 7-ADCA with DHa in 
the presence of an enzyme in a reaction mixture to form cephradine, preferably in a 
process according to the invention, may also be crystallised at a temperature between 
35 and 60°C, for instance at a temperature between 35 and 55°C, for instance at a 
temperature between 35 and 45 °C. 

Crystallising cephradine from an aqueous solution comprising cephradine may 
be performed at any suitable pH. Preferably, crystallising the cephradine may be 
performed at a pH of between 4.0 and 6.0, preferably at a pH of between 4.5 and 5.5, 
more preferably at a pH of between 4.7 and 5. Surprisingly it was found that at the 
preferred pH ranges at which crystallisation is performed, the yield of the cephradine 
crystals was increased. In the framework of the invention, the pH of the aqueous 
solution may be adjusted in several ways, for instance chemically, by adding an acid, for 
instance a mineral acid, in particular sulphuric acid, hydrochloric acid or nitric acid. 
Preferably, said crystallising is performed continuously. 

Applying the preferred conditions was surprisingly found to result in cephradine 
hydrate exhibiting an increased stability in the stability test measured by a decreased 
absorbance at a wavelength of 450 nm. 

The process according to the invention also comprises performing said 
crystallising at such pH and at such temperature that the absorbance at 450 nm of the 
cephradine hydrate prepared is below 0.050, preferably below 0.040, and most 
preferably below 0.030, usually above 0.005. 

In one embodiment of the process according to the invention the enzymatic 
reaction is carried out in the presence of sodium bisulphite. Preferably, the amount of 
sodium bisulphite present in the enzymatic reaction is between 1 and 25 mM, preferably 
between 5 and 1 5 mM. Surprisingly, the presence of sodium bisulphite during the 
enzymatic reaction further decreased the coloration of the cephradine prepared. 

Sodium bisulphite may also be present during crystallisation of cephradine in the 
process according to the invention. Preferably, the amount of sodium bisulphite present 
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l ri ?rT Sln9 °' CePhra< " ne '° ,0rm CePhradine ""*»*■•• «»— " t»mm 5 
and 250 mM, more preferably between 25 and 1 50 mM. 

The cephradine hydrate may be separated from the aqueoua solution and dried 
in any suitable manner. 

In another aspect, the invention relates to cephradine hydrate obtainable by the 
processes described herein. Surprisingly, the coloration of the cephradine hydrate 
obtamable by the process according to the invention is low, which means that the 

O^To oT 7 " ° 050 ' Pre,erab ' y "» abSOrt>anCe " 450 nm 18 »— « 
0.005 and 0.050, and more preferably of between 0.008 and 0.040, and most preferably 

between 0.010 and 0.030. 1. was also found that the cephradine hydrate obtainable by 
the process according to invention has a high coior stability. A high color stability means 
M low cotorauon occurs in the stress stability test, i.e. the colorafcn of the cephradine 
hydrate ,s below 0.20. more preferably below 0.15, and most preferably below 0.10 a, an 
absorbance of 450 nm after 8 weeks of storage at 40'C at a relative humidity of 75% 

in another embodiment, the invention comprises cephradine hydrate with an 
absorbance at 450 nm of below 0.2, preferably below 0.15, more preferably below 0 1 
more preferably below 0.05. Preferably me cephradine hydrate has an absorbance of ' 
between 0.001 and 0.2, preferably between 0.002 and 0.15, more preferably between 
0.004 and 0.1 , more preferably between 0.005 and 0.05, and mora preferably of 
between 0 010 and 0.040. The cephradine hydrate acceding to the invention has a high 
co or stabflty in the sfress stability test, i.e. the coloration of the cephradine hydrate Is 
below 0.20, more preferably below 0.15, and most preferably below 0.10 at an 
absorbance of 450 nm after 8 weeks of storage at 40'C at a relative humidity of 75% 

Preferably, the cephradine hydrate prepared according to the process of the 
invention contains no, or substantially no dimethylformamide. 

The following examples are illustrative for the invention, without limiting the 
invention thereto. 
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EXAMPLES 



Abbreviations 

7-ADCA: 

CEF: 

DH: 

DHa: 

DHMe 



7-aminodesacetoxy cephalosporanic acid 
cephradine 

D-dihydrophenylglycine 
D-dihydrophenylg|ycine in activated form 
D-dihydrophenylg|ycine methyl ester 



a) Enzyme and Immobilisation 

The penicillin acylases as used herein were wild type Pen-G acy.ase and a 
Pen-G acylase mutant Phe-24-Ala, as described in WO 9aL 2 0 Th! 
immobHised as described in EP 222 462 and WO 1^0408 1 t T 
being used as gei.ing agent and *U^^ A J^* « ~ 

b) Synthesis of cephradine 



Reference experiment A. 

Syndesis of cephrad.n, w,0, A 8s9mblas .™ (lmmol)1| , 3ed w| 
acylase) at T > 20 'C and pH = 6.9. 

ne« rrrr ^ a sieve bo,,oro «* 175 >™ «- «* « ■ 

TcaCrr ^ Pe "" G "*~ ( ™ loadi "9 » m g , B neft-we, 

hocatalyat). A praparation raactor was filled with 40 ml water (20 -d o 03 „7 ! 

r it ;Tr nay ' 0,6 su8pens, ° n was ,ra ~ * - 

at * o wth the a,d of 5.0 ml water (T = 20 -C). The temperature was kept at T = 20 «C 
The pH was kept at 6.90 with 25 % NH 4 OH solutien. 

After 300 minutes, [DHJ = 2.97 mass%, conversion OWrwV100* - Rfl * 
conversion(„ ceF /n DH0 . 1 oo% = 68%andtheS/H = 1 8 
The reaction mixture became highly viscous due to crystailisation of DH. 
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Example I 

Synthesis of cephradine with Assemblase™ (immobilised wild-type Pen-G 
acylase) at T = 10 °C and pH - 7.2-» 7.5 

An enzyme reactor, with a sieve bottom with 175 |jm gauze was filled with 92 g 
nett-wet immobilised wild-type Pen-G acylase (enzyme loading 20 mg/ g nett-wet 
biocatalyst). A preparation reactor was filled with 190 ml water (10 °C), 1.6 g sodium 
bisulphite, 36.6 g 7-ADCA (169.8 mmol) and 35.0 g DHME (171.2 mmol). The pH was 
increased to 7.2 with 25 % NH 4 OH solution. Subsequently, the suspension was 
transferred into the enzyme reactor at t = 0 with the aid of 10.0 ml water (T = 10 °C). 
The temperature was kept at T = 10 °C. The pH was kept at 7.20 with 25 % NH 4 OH 
solution during the first part of the reaction. In the second part the pH slowly increased: t 
= 90 min: pH = 7.20; t = 130 min: pH = 7.50. 

After 130 minutes, [DH] = 0.84 mass%, the conversion (n CEF / n 7 ^ DCA )*100%= 74 
%, the conversion (n CEF / n DHa ri00% = 73 % and the S/H = 5.5. The initial enzymatic 
activity is calculated to be -0.73 umol CEF / (min mg enzyme). 

Example II 

Synthesis of cephradine with immobilised Pen-G acylase mutant Phe-24-Ala atT 
= 7 °C and pH = 8.0-> 8.2 

An enzyme reactor with a sieve bottom with 175 urn gauze was filled with 60.5 
g nett-wet immobilised Pen-G acylase mutant Phe-24-Ala (enzyme loading 40 mg/ g 
nett-wet biocatalyst). A preparation reactor was filled with 70 ml water (7 °C), 0.6 g 
sodium bisulphite, 15.3 g 7-ADCA (71.0 mmol) and 13.9 g DHME (67.7 mmol). The pH 
was increased to 8.0 with 25 % NH 4 OH solution. Subsequently, the suspension was 
transferred into the enzyme reactor at t = 0 with the aid of 10.0 ml water (T = 7 °C). The 
temperature was kept at T = 7 °C. The pH slowly increased to 8.20 and was kept at this 
value with 25 % H 2 S0 4 . 

After 344 minutes, [DH] = 0.27 mass%, the conversion (n CEF / n 7 . ADCA )*100%= 85 
%, the conversion (n CEF / n DHa H00% = 89 % and the S/H = 15.5. The initial enzymatic 
activity is calculated to be -0.08 umol CEF / (min mg enzyme). 



WO 2005/003367 



14 



PCT7EP2004/007291 



Example III 

Synthesis of cefradine with immobilised Pen-G acylase mutant F24A at T = 20 °C 
and pH 6.9 

An enzyme reactor with a sieve bottom with 175 urn gauze was filled with 40 g 
nett-wet immobilised Pen-G acylase mutant Phe-24-Ala (enzyme loading 40 mg/ g nett- 
wet biocatalyst). Then, 1 10.0 ml water (20 °C), 0.3 g sodium bisulphite, 36.6 g 7-ADCA 
(169.8 mmol), 1 ml 25 % NH 4 OH solution and 0.04 g EDTA were added. The 
suspension was stirred for 5 minutes at T = 20 °C. The pH was 6.90. 

In a separate vessel 37.8 g dihydrophenylglycine methylester.HCI salt (DHME; 
174.7 mmol) was dissolved in 67.2 ml water at T = 20 °C. From t = 0 to t = 60 min this 
solution was dosed into the enzyme reactor with constant dosing rate. The temperature 
was kept at T = 20 °C. The pH was kept at 6.90 with 25 % NH 4 OH solution. In the 
second part of the reaction the pH slowly increased: t = 0-240 min: pH = 6.90; t = 270 
min: pH = 7.00; t = 350 min: pH = 7.10. 

After 350 minutes, [DH] = 0.56 mass%, the conversion (n CEF / n 7 ^DCA)*1 00%= 
98.4 %, the conversion (n CEF / n DHa )*100%= 95.6 % and the S/H = 13.8. The average 
enzymatic activity from t = 0 to 150 min is calculated to be -0.50 nmol CEF / (min mg 
enzyme). 

These experiments show that a conversion of 7-ADCA into cephradine higher 
than 70% and a conversion of DHME into cephradine higher than 70% can be obtained 
when the DH concentration in the reaction mixture is below 2 wt.%. 
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Table 1. Comparison wild type PenG acylase and mutant PenG acylase Phe-24-Ala at 
different reaction conditions. 



Reaction conditions 


Wild type PenG acvlase 


iviuiant Kenvj acylase 


Wild type/mutant 


Example I 


example u 


T=10/7°C 


Conv. 7-ADCA 74% 


Conv. 7-ADCA 85% 


pH = 7.2-7.8/8.0-8.2 


Conv. DHMe 73% 


Conv. DHMe 89% 




S/H: 5.5 


S/H: 15.5 




[DH] = 0.84% 


[DH] = 0.27% 




Ref. Exp. A 


Example III 


T = 20°C 


Conv. 7-ADCA 68% 


Conv. 7-ADCA 98.4% 


pH = 6.9 


Conv. DHMe 68% 


Conv. DHMe 95.6% 




S/H: 1.8 


S/H 13.8 




[DH] = 2.97% 


[DH] = 0.56% 



Conv. 7-ADCA: (n CEF / n 7 . AD cA)*1 00% 
Conv. DHMe: (n CE F / n DHa )*100% 
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c) Crystallisation and isolation of cephradine. 

The reaction mixture obtained as described above was used for crystallisation 
and .solation. At t= 350 minutes (from the start of cephradine synthesis, see above) the 
mocture comprising the cephradine was cooled to 3 »C and a suspension of 1.8 g sodium 
b.su.ph.te ,n 4.7 ml water was added. Then, the pH was increased to 8.6 with 25 % 
NH 4 OH solution. 

At t = 360 minutes, the enzymatic reactor was discharged via the sieve bottom 
The ^mobilised) enzyme wetcake on the sieve was washed with 2 x 30 ml water (2 ' 

The filtrates and washings were combined and filtrated (successively through fiiters 
with pore size 40 urn, 1 0 urn and 3 m ). 

A crystaNisation reactor was charged with 3.0 g cephradine and 50 ml water and 
heated up to T = 52 'C. Immediately, the combined filtrates and washings were dosed 
wth constant dosing rate in 60 minutes . The temperature was kept at T= 52 «C and the 
PH at 4.80 by titration with 25 % suifuric acid. Then, the temperature was decreased to 
25 C ,n 30 minutes. The resulting suspension was filtered through a glass filter The 
wetcake was washed with 30 m. water and 2 x 25 ml 80 % acetone (acetone/Water = 
80/20 v/v) and dried. 47.0 g cephradine hydrate, with a water content of 3.4 % was 
obtained. 



Reference Experiment B. Chemical synthesis of cephradine 

1) Mixed anhydride preparation 

A suspension of N-methylacetamide (21.7 grs; 0.30 moles), D(-)-a-2 5- 
d.hydrophenylglycine methyl sodium Dane salt (269.9 grs; 0.987 moles) gamma- 
P .col,ne (0.055 ml; 0.6 mmoles) in dichloromethane (980 ml) was cooled to -20»C 
treated with pivaloy, chloride (1 19.7 grs; 0.991 moles) at -10»C duringlO minutes, and 
cooled to -35'C. This system was called preparation A 

2) 7-ADCA solution 

Dichloromethane (679 ml) was cooled to 5°C and 7 ADCA (175 grs- 0 817 
moles) was loaded. Then diazabicydo (5,4,0) undec-7-ene (140 grs; 0.920 moles) was 
added w,th st.rr.ng to obtain complete solution. This system was called preparation B 
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3) Coupling (acylation) 

The resZTZ ^ PreParati ° n * ^ the tem P erat - *-35<C. 

The resulting react.on mixture C was stirred for 3 hours. 

4) Hydrolysis 

reacH^T T m ° ^ hydr0Ch '° riC 36% (21 ° « 2 0 "*-> «™ added «o 

ztjxz o t r psra,ure brou9h ' up ,o 1 5 '°- ^ ■« - - 

range of 1.5 to 2.0. Then, after stirring for 15 minutes, the layers were separated. 

5) Vacuum distillation 

38'C erT 6 T" <UPP8r) ' ayer 0b,a,ned * P 4 -™«" «P «o 

* t C and s multaneously disliiied under vacuum conditions (initial pressure of about 360 

"2 PreSSUre mmH9) ,0 rem ° Ve ,he — ^oromelhane. The valum 
d,s, la on was slopped when .he GC (gas chromatography) showed a dichloromemane 
oonten of 0.7% wA, A stabie (with respec, to unoontroiied crystallizauon of «ZZ 
hydroohiono sal,), dear solution, oontaining oephradine was obtained. 

6) Isolation 

The obtained solution was warmed up to abou. 55 -C and cephradine was 
orya^ed by adding melhylamine until pH=5. Attention, 22 0g (0.60 mo,eTr3% 
y,e,d) of cephradine ( 99% assay on dry basis) were obtained. The p rity of me ,'h " 
ob.a,ned oephradine was within .he specifications o, me Chinese pLI^ 

d) Coloration of cephradine 

nm The lb! T"" " by the absorbance * « 

nm. The absorbance and stress stabi.ity of the cephradine hydrate prepared as 

described above were determined. 
1. Absorbance 

1 g of cephradine hydrate was dissolved in 10 ml 10 % aqueous sodium 

Elmer 550 S spectrophotometer, with 10 % aqueous sodium catenate soiution as a 
reference solution at room temperature. 
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2. Stress stability test 1. 

Cephradine hydrate prepared enzymatically according to Example III and 
chemically according to Reference Experiment B) was kept at 40°C at a relative 
humidity of 75%. After 0, 2, 4, 6 8, 10 and 12 weeks the absorbance at 450 nm ws 
determined as described above. 



Table 2. Color stability of cephradine hydrate prepared enzymatically and chemically 
A450 and crystallised at 52 and 55°C at pH 4.8-5.0. 





Cephradine prepared enzymatically 


Cephradine prepared chemically 


Weeks 


Crystallisation T = 52°C 


Crystallisation T = 55°C 


0 


0.025 


0.028 


2 


0.043 


0.065 


4 


0.058 


0.077 


6 




0.161 


8 


0.096 


0.142 


10 




0.211 


12 


0.148 





The results in Table 2 clearly show that the cephradine prepared chemically is less 
stable with regard to coloration than the cephradine prepared enzymatically. 
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3. Stress stability test 2. 

Cephradine hydrate prepared enzymatically according to Example 111 and 

ZTZ^T T ra,Ure8 38 ' ndiCa,ed TaWe 3 WaS ™« — 3 
hrs at 100 C. The A. of the cephradine crystals thus treated was determined as 

described above. 

The results in Table 3 clearly show that the conization temperature Influences 
IttLtr ° f ° ePhradine - lvalues are achieve! 



10 



15 



Tab,, 3. stabilKy of cephradine hydrate crystals ptepared enzymatically and oystallised 
at different temperatures. The pH during the crystallisation was maintained at 4.80. 



Exp. 
no° 


Crystallisation 
temperature (°C) 


A450 at t = 6 


A4S0 after stress stability test 
(3h, 100°C) 


IV 


65 


0.051 


0.301 


V 


50 


0.018 


0.056 


VI 


30 


0.021 


0.291 


VII 


20 


0.017 


0.330 



